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                \begin{document}$${\mathrm{H}} $$\end{document}$) in the standard model (SM) has a predicted cross section in gluon--gluon fusion at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=8\,\text {TeV} $$\end{document}$ \[[@CR1], [@CR2]\] for the Higgs boson mass $\documentclass[12pt]{minimal}
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                \begin{document}$$10.0 \pm 1.4\text {\,fb} $$\end{document}$. Many BSM theories suggest the existence of narrow heavy particles $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {X}$$\end{document}$   that can decay to a pair of Higgs bosons \[[@CR4]--[@CR12]\]. The natural width for such a resonance is expected to be a few percent of its pole mass $\documentclass[12pt]{minimal}
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                \begin{document}$$m_\mathrm {X} $$\end{document}$, which corresponds to a typical detector resolution. In contrast, the SM production of Higgs boson pairs results in a broad distribution of effective mass, falling mainly in the range from 300 to 600$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {GeV}$$\end{document}$. Thus the presence of a narrow state would be readily detected, even if produced with a cross section as small as that for the SM process.

Searches for narrow particles decaying to two Higgs bosons have already been performed by the ATLAS \[[@CR13]--[@CR15]\] and CMS \[[@CR16]--[@CR19]\] collaborations in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}$$\end{document}$ collisions at the CERN LHC. Until now their reach was limited to $\documentclass[12pt]{minimal}
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                \begin{document}$$m_\mathrm {X} \le 1.5\,\text {TeV} $$\end{document}$. Because longitudinal $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {W}$$\end{document}$  and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{Z}}$$\end{document}$   states are provided by the Higgs field in the SM, any $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{H}} {\mathrm{H}} $$\end{document}$ resonance potentially also decays into $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{Z}} {\mathrm{Z}} $$\end{document}$ final states. Searches for $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {W}{\mathrm{Z}} $$\end{document}$ states were performed by ATLAS and CMS \[[@CR20]--[@CR24]\]. The combinations of these results \[[@CR24]--[@CR27]\] indicate that the region around $\documentclass[12pt]{minimal}
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This paper reports on a search for $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {X} \rightarrow {\mathrm{H}} {\mathrm{H}} $$\end{document}$ covering the mass range $\documentclass[12pt]{minimal}
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                \begin{document}$$1.5\,\text {TeV} $$\end{document}$. The final state that provides the best sensitivity in this mass range is $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{H}} \rightarrow {\mathrm{b}} \overline{{\mathrm{b}}} $$\end{document}$ \[[@CR28]\] and a relatively low background from SM processes.

Many BSM proposals explicitly considered in this paper postulate the existence of a warped extra dimension (WED) \[[@CR6]\] and predict the existence of a scalar radion \[[@CR7]--[@CR9]\]. The radion is a spin-0 resonance associated with the fluctuations in the length of the extra dimension. The production cross section as a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda _\mathrm {R} $$\end{document}$ is the scale parameter of the theory. In this paper we consider two cases: $\documentclass[12pt]{minimal}
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                \begin{document}$$3\,\text {TeV} $$\end{document}$. In the first case, the WED theory predicts a cross section that can be detected at the LHC \[[@CR17]\], but is challenged by the constraints derived from the electroweak precision measurements \[[@CR29]\]. This specific model is excluded up to $\documentclass[12pt]{minimal}
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                \begin{document}$$m_\mathrm {X} = 1.1\,\text {TeV} $$\end{document}$ by the previous $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {X} \rightarrow {\mathrm{H}} {\mathrm{H}} $$\end{document}$ searches \[[@CR14], [@CR17]\]. In contrast, the predicted cross section for $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda _\mathrm {R} =3 \,\text {TeV} $$\end{document}$ is a factor of 9 times smaller, but the theory is less constrained by these searches. We consider that the radion is produced exclusively via gluon-gluon fusion processes, with $\documentclass[12pt]{minimal}
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In the mass range of this search, the topology of the $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{b}} \overline{{\mathrm{b}}} {\mathrm{b}} \overline{{\mathrm{b}}} $$\end{document}$ final state is constrained by the size of the Lorentz boost of the Higgs bosons that is typically $\documentclass[12pt]{minimal}
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                \begin{document}$$\gamma _{{\mathrm{H}}} \approx m_\mathrm {X}/ 2m_{{\mathrm{H}}} \gg 1$$\end{document}$ and defines the so-called boosted regime \[[@CR30]--[@CR32]\]. In this regime each Higgs boson is produced with a large momentum and its decay products are collimated along its direction of motion. The hadronization of a pair of narrowly separated $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{b}}$$\end{document}$ quarks will result in a single reconstructed jet of mass compatible with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{{\mathrm{H}}} $$\end{document}$. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{H}} $$\end{document}$ candidates are selected by employing jet substructure techniques to identify jets containing constituents with kinematics consistent with the decay of a highly boosted Higgs boson. These candidates are then required to be consistent with decays of $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{b}}$$\end{document}$ tagging algorithms. The signal is identified in the dijet mass ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm {jj} $$\end{document}$) spectrum as a peak above a falling background which originates mainly from multijet events and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}} $$\end{document}$ production.

The CMS detector {#Sec2}
================

The central feature of the CMS apparatus is a superconducting solenoid of 6$\documentclass[12pt]{minimal}
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                \begin{document}$$\text {\,T}$$\end{document}$. A silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter, and a brass and scintillator hadron calorimeter, each composed of a barrel and two endcap sections, reside within the solenoid volume. Extensive forward calorimetry complements the coverage provided by the barrel and endcap detectors. Muons are measured in gas-ionization detectors embedded in the steel flux-return yoke outside the solenoid. A detailed description of the CMS detector, together with a definition of the coordinate system and the basic kinematic variables, can be found in Ref. \[[@CR33]\].

Simulated events {#Sec3}
================

Monte Carlo (MC) simulations are used to provide: predictions of background processes, optimization of the event selection, and cross-checks of data-based background estimations.
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                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}} $$\end{document}$ background events are generated using the leading-order matrix element generator [MadGraph]{.smallcaps} 5v1.3.30 \[[@CR34], [@CR34]\]. Parton shower and hadronization are included using [pythia]{.smallcaps} 6.4.26 \[[@CR35]\], and the matrix element is matched to the parton shower using the MLM scheme \[[@CR36]\]. The Z2\* tune is used to describe the underlying event. This tune is identical to the Z1 tune \[[@CR37]\], but uses the CTEQ6L parton distribution functions (PDF) \[[@CR38]\]. The signal events are simulated with an intrinsic width of the radion fixed to 1$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {TeV}$$\end{document}$. All generated events are processed through a simulation of the CMS apparatus based on [Geant4]{.smallcaps}  \[[@CR39]\]. Additional $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {p}\mathrm {p}$$\end{document}$ interactions within a bunch crossing (pileup) are added to the simulation, with a frequency distribution chosen to match that observed in data. During this data-taking period the mean number of interactions per bunch crossing is 21.

Event reconstruction and selections {#Sec4}
===================================

The analysis is based on data from $\documentclass[12pt]{minimal}
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                \begin{document}$$m_\mathrm {jj} $$\end{document}$ calculated for the two jets of highest transverse momentum (referred to as leading jets); the second trigger requires a large value of $\documentclass[12pt]{minimal}
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                \begin{document}$$H_{\mathrm {T}} $$\end{document}$ triggers were changed during the data-taking period to maintain a constant trigger rate while the LHC peak luminosity steadily increased. More than half of the data were collected with $\documentclass[12pt]{minimal}
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Events are required to have at least one reconstructed $\documentclass[12pt]{minimal}
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                \begin{document}$$|z | < 24\text {\,cm} $$\end{document}$ of the center of the detector along the longitudinal beam directions. Many additional vertices, corresponding to pileup interactions, are usually reconstructed in an event using charged particle tracks. We assume that the primary interaction vertex corresponds to the one that maximizes the sum in $\documentclass[12pt]{minimal}
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Individual particles are reconstructed using a particle-flow (PF) algorithm \[[@CR40], [@CR41]\] that combines the information from all the CMS detector components. Each such reconstructed particle is referred to as a PF candidate. The five classes of PF candidates correspond to muons, electrons, photons, and charged and neutral hadrons. Charged hadron candidates not originating from the primary vertex of the event are discarded to reduce contamination from pileup \[[@CR42]\].

The Cambridge--Aachen (CA) algorithm \[[@CR43]\], implemented in [FastJet]{.smallcaps} \[[@CR44]\], clusters PF candidates into jets using a distance parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$R = 0.8$$\end{document}$. An event-by-event jet area-based correction \[[@CR42], [@CR45], [@CR46]\] is applied to each reconstructed jet to remove the remaining energy originating from pileup vertices primarily consisting of neutral particles. The jet four-momenta are also corrected to account for the difference between the measured and the expected momentum at the particle level, using the standard CMS correction procedure described in Refs. \[[@CR47], [@CR48]\].Fig. 1Simulated $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}}$$\end{document}$ events, and the spectrum measured in data. Each event contributes twice to the distribution, once per jet. The multijet contribution is rescaled to match the event yield in data, while the signal and $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}}$$\end{document}$ spectra are rescaled by the large factors indicated, to be visible in the figure

Events are required to have at least two jets, and the two leading jets each to have $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}} > 40\,\text {GeV} $$\end{document}$ and pseudorapidity $\documentclass[12pt]{minimal}
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A final selection is based on the kinematic properties of the constituents of $\documentclass[12pt]{minimal}
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The selection criteria applied to reduce the background are summarized in Table [1](#Tab1){ref-type="table"}. The region of phase space defined by all these criteria is referred to as the signal region. The fraction of the simulated signal and $\documentclass[12pt]{minimal}
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Figure [2](#Fig2){ref-type="fig"} shows that the probability of incorrectly identifying multijet or $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}} $$\end{document}$ events as events with two Higgs bosons is less than 0.1 %, and appears to be independent of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm {jj} $$\end{document}$ within statistical uncertainties. A more precise quantification is provided in Table [1](#Tab1){ref-type="table"} for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}}$$\end{document}$ events. In particular, we observe that the dijet mass, the pruned jet mass, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{b}}$$\end{document}$ tagging criteria are each sufficient for reducing the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}}$$\end{document}$ background by an order of magnitude. In contrast, the N-subjettiness criterion is inefficient in reducing it.

Signal extraction {#Sec5}
=================
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Parameterization of background {#Sec6}
==============================
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The control region contains between 1.1--2 times the number of events in the signal region depending on the category. The result of the fit and the uncertainty band associated with the uncertainty in the parameter *a* are shown in Fig. [3](#Fig3){ref-type="fig"}. The effect of a residual contamination of the control region by the signal is explicitly checked by adding an $\documentclass[12pt]{minimal}
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This background estimation procedure assumes, on the one hand, that the $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec7}
========================

The largest contributions to the systematic uncertainty in the signal yields are the uncertainties associated with the classification of the events into the purity categories, the estimation of the efficiency to identify a $\documentclass[12pt]{minimal}
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The uncertainty in the mass selection efficiency is 2.6 % for each jet and 5.2 % for the event. This uncertainty is estimated by studying high $\documentclass[12pt]{minimal}
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The observed data are shown separately for the three event categories in Fig. [4](#Fig4){ref-type="fig"}. For comparison, we also show the predictions obtained for the background-only hypothesis. The $\documentclass[12pt]{minimal}
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Upper limits on the cross section for the production of resonances are extracted using the asymptotic approximation of the CL$\documentclass[12pt]{minimal}
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To quantify the sensitivity of this analysis to new physics, the limits are compared to predictions of radion production for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _\mathrm {R} = 1$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\,\text {TeV} $$\end{document}$, as shown in Fig. [6](#Fig6){ref-type="fig"}. We find that a radion corresponding to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _\mathrm {R} = 1\,\text {TeV} $$\end{document}$ is excluded by the boosted analysis alone, for masses between 1.15 and 1.55$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$. This result extends the limits already set by the resolved analysis from 0.3 to 1.1 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$.

Summary {#Sec9}
=======

A search is presented for narrow heavy resonances decaying into a pair of Higgs bosons in proton-proton collisions collected by the CMS experiment at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=8\,\text {TeV} $$\end{document}$. The full data sample of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$19.7{\,\text {fb}^{-1}} $$\end{document}$is explored. The background from multijet and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{t}}\overline{{\mathrm{t}}}$$\end{document}$ events is significantly reduced by applying requirements related to the flavor of the jet, its mass, and its substructure. No significant excess of events is observed above the background expected from the SM processes. The results are interpreted as exclusion limits at 95 % confidence on the production cross section for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm {X} $$\end{document}$ between 1.15 and 3.0$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$, extending significantly beyond 1.5 TeV the reach of previous searches. A radion with scale parameter $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _\mathrm {R} = 1\,\text {TeV} $$\end{document}$ decaying into $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{H}} {\mathrm{H}} $$\end{document}$ is excluded for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.15< m_\mathrm {X} <1.55\,\text {TeV} $$\end{document}$ for the first time in direct searches.

We congratulate our colleagues in the CERN accelerator departments for the excellent performance of the LHC and thank the technical and administrative staffs at CERN and at other CMS institutes for their contributions to the success of the CMS effort. In addition, we gratefully acknowledge the computing centers and personnel of the Worldwide LHC Computing Grid for delivering so effectively the computing infrastructure essential to our analyses. Finally, we acknowledge the enduring support for the construction and operation of the LHC and the CMS detector provided by the following funding agencies: BMWFW and FWF (Austria); FNRS and FWO (Belgium); CNPq, CAPES, FAPERJ, and FAPESP (Brazil); MES (Bulgaria); CERN; CAS, MoST, and NSFC (China); COLCIENCIAS (Colombia); MSES and CSF (Croatia); RPF (Cyprus); MoER, ERC IUT and ERDF (Estonia); Academy of Finland, MEC, and HIP (Finland); CEA and CNRS/IN2P3 (France); BMBF, DFG, and HGF (Germany); GSRT (Greece); OTKA and NIH (Hungary); DAE and DST (India); IPM (Iran); SFI (Ireland); INFN (Italy); MSIP and NRF (Republic of Korea); LAS (Lithuania); MOE and UM (Malaysia); CINVESTAV, CONACYT, SEP, and UASLP-FAI (Mexico); MBIE (New Zealand); PAEC (Pakistan); MSHE and NSC (Poland); FCT (Portugal); JINR (Dubna); MON, RosAtom, RAS and RFBR (Russia); MESTD (Serbia); SEIDI and CPAN (Spain); Swiss Funding Agencies (Switzerland); MST (Taipei); ThEPCenter, IPST, STAR and NSTDA (Thailand); TUBITAK and TAEK (Turkey); NASU and SFFR (Ukraine); STFC (United Kingdom); DOE and NSF (USA). Individuals have received support from the Marie-Curie program and the European Research Council and EPLANET (European Union); the Leventis Foundation; the A. P. Sloan Foundation; the Alexander von Humboldt Foundation; the Belgian Federal Science Policy Office; the Fonds pour la Formation à la Recherche dans l'Industrie et dans l'Agriculture (FRIA-Belgium); the Agentschap voor Innovatie door Wetenschap en Technologie (IWT-Belgium); the Ministry of Education, Youth and Sports (MEYS) of the Czech Republic; the Council of Science and Industrial Research, India; the HOMING PLUS program of the Foundation for Polish Science, cofinanced from European Union, Regional Development Fund; the OPUS program of the National Science Center (Poland); the Compagnia di San Paolo (Torino); MIUR project 20108T4XTM (Italy); the Thalis and Aristeia programs cofinanced by EU-ESF and the Greek NSRF; the National Priorities Research Program by Qatar National Research Fund; the Rachadapisek Sompot Fund for Postdoctoral Fellowship, Chulalongkorn University (Thailand); the Chulalongkorn Academic into Its 2nd Century Project Advancement Project (Thailand); and the Welch Foundation, contract C-1845.
